-1--Introduction
Agriculture in developing countries faces a huge challenge. In the next 50 years the number of people living in the world's poorer countries will increase from 5 billion to nearly 8 billion (Population Reference Bureau, 2001 ). Moreover, per capita food consumption needs to increase to adequately feed the 1.1 billion underfed people in the world (Gardner and Halweil, 2000) .
This means that in 2050 farmers will need to produce at least 50% more food from a natural resource base that is already damaged by human activity to the point where further degradation could have devastating implications for human development and the welfare of all species (World Bank, 2000) .
The Green Revolution is widely credited with having averted a similar crisis when large-scale famines were predicted to threaten Asia in the 1970s and 1980s. The research component of the Green Revolution was largely based on the genetic improvement of a few commodity crops to enhance their productivity and improve their resistance to pests and diseases. The gains were largely confined to areas of high agricultural potential, and they often benefited the more prosperous farmers. In many cases, this research yielded large production gains at the expense of soil degradation, water, biodiversity, and non-cultivated land (Sayer and Campbell, 2001) .
A second Green Revolution is now needed. However, the situation today is dramatically different from when the first Green Revolution began and different research and development approaches are required. Old, top-down ways of working, in which international agricultural research centers (IARCs) see themselves as the main sources of agricultural innovations that are transferred to national agricultural research and extension systems (NARES) and downward to farmers, are no longer valid (Biggs, 1989; Clark, 1995) . There is now a much more sophisticated understanding of how rural development occurs, which recognizes that innovation has multiple sources and results from the action of a broad network of actors, of which IARCs and NARES are just a part (Hall et al., 2003a) . Research is now seen as part of a collective effort to create new technical and social options that rely more on local knowledge and less on a 'one size fits all' application of simple technologies and chemical inputs. Hence, working in partnerships has become much more important, as has grassroots participation of farmers and their organizations (Hall et al., 2002) . A second important area of change is that farmers are increasingly exposed to global markets, and while the information and communication revolution offers exciting opportunities for them to benefit, it also threatens to create a 'digital divide' between rural and urban areas (Malecki, 2003) . Over all, IARCs and NARES need to become much more nimble and responsive in the face of an ever-faster rate of change (Watts et al., 2003) . aspects of natural resource use (be they bio-physical, socio-political or economic) into a system of sustainable management to meet the production goals of farmers and other direct users (food security, profitability, risk aversion) as well as the goals of the wider community (poverty alleviation, welfare of future generations, environmental conservation) '. Campbell et al. (2001) go on to say that evaluation has a crucial role in helping to build and support INRM. The objective of this chapter is to investigate the types of evaluation that are needed to build and support INRM.
-1--Integrated Natural Resource Management (INRM)
INRM has grown out of farming systems research (FSR), which had its heyday in the mid-1980s
and then all but disappeared from the list of research programmes by the early 1990s (Ravnborg, 1992) . This was because FSR attempted, just as INRM is attempting today, to carry out research with complicated technologies in complex settings. Research on complex agricultural systems is difficult because of the multiple scales of interaction and response within and between physical and social subsystems, uncertainty, long time lags, and multiple stakeholders who often have contrasting objectives and activities (Campbell et al., 2001) .
Early FSR failed because by engaging with this complexity it was criticized for generating excessive amounts of data, being very costly to conduct, and yielding few results of immediate practical value. The other major cause of the failure of FSR was a lack of understanding of the role of farmers and other stakeholders in technology development (Röling, 1988 and McCown, 2001 different variables may experience sudden changes that reorganize the system. Usually these changes arise when the system reaches specific thresholds. In these reorganization points, it is impossible to predict how the system will self-organize (Nicolis and Prigogine, 1989) .
Understanding a system, rather than just describing it, usually requires studying that system together with the other systems with which it interacts. Systems modelling is a practical approach to deal with variables that change more slowly than the length of a project. Modelling can also help farmers and other natural resource managers explore different scenarios, identify preferred ones, and then negotiate how to achieve them (van Noordwijk et al., 2001 ).
-2--Plausible promises INRM needs to maintain a practical problem-solving approach that delivers tangible outputs.
There needs to be some motivation for farmers to want to work together with researchers to develop technologies and processes. This motivation comes from ideas and technologies that make a 'plausible promise' to farmers of being of benefit to them. development processes can also help create an enabling environment through interaction, negotiation and co-learning amongst different stakeholders.
-2--Evaluation
Evaluation is key to adaptive management because it provides the real-time feedback necessary for constant improvisation in implementing INRM projects, and for learning and improving the performance of those involved. Evaluation also provides data for further negotiation between stakeholders, and for resource-allocation decisions. Stakeholders should agree on plausible strategies on how research will contribute to developmental change and then undertake regular monitoring of the implementation of these strategies to feed into the learning cycle. Success criteria and indicators, agreed early on in a project, are the basis for impact assessment and negotiation amongst stakeholders for resource-allocation decisions.
The discussion so far shows that INRM is based on a paradigm that is better able to cope with complexity than the top-down conceptual framework which underpinned much of the IARCs and NARES earlier successes with plant breeding 3 . New paradigms require new ways of looking at the world and new conceptual models for understanding it. These conceptual frameworks are important because they influence the ways that research and development interventions are The types of development practice, including evaluation practice, being proposed by the ILAC Initiative (Watts et al., 2003) are fully consistent with those required by INRM, as shown in Table 1 .
At its simplest, an IS has three elements (Watts et al., 2003) : (1). the groups of organizations and individuals involved in the generation, diffusion, adaptation and use of new knowledge; (2). the interactive learning that occurs when organizations engage in generation, diffusion, adaptation and use of new knowledge, and the way this leads to new products and processes -i.e.
innovation; and (3) the institutions that govern how these interactions and processes take place.
The reason it is believed that the framework is relevant to INRM is that both see innovation as an inherently complex process undertaken by a network of actors. Both also recognize innovation as a social process, involving interactive 'learning by doing' in which innovations and the institutions (norms, expectations, ways of organizing) co-evolve. As a result innovation, including rural innovation, is an inherently unpredictable, non-linear process. This conclusion has profound implications for all types of evaluation, considered below.
-1--Evaluation appropriate for INRM
The term evaluation covers a huge area of enquiry and can fulfil many purposes. Patton (1997) identifies three main uses for evaluation findings which are: 1) judge merit or worth; 2) generate knowledge; and 3) improve projects and programs. has been assimilated by the agricultural economists who made these evaluations, and the information written up in journals that are inaccessible to non-specialists.
As well as having many uses, evaluation can occur at different stages in the project cycle, and beyond. In the past, evaluation in agricultural research has focussed on ex-ante impact assessment to set priorities, and ex-post impact assessment to attribute and quantify impacts.
Little emphasis has been put on the evaluation that INRM most needs, which is within project cycles supporting the learning of all stakeholders and supporting adaptive project management.
This is also the type of evaluation that the ILAC Initiative is urging the CGIAR to adopt in order to support the institutional learning and change necessary for CG centres to adapt to the changing environments in which they work (Watts et al., 2003) . Evaluation carried out within the project cycle is examined followed by the types of ex-ante and ex-post evaluations and evaluation of scientists needed for successful INRM.
-2--Evaluation that supports learning
Evaluation that occurs within the project cycle is usually called monitoring and evaluation (M&E). For INRM M&E is not only the methods of generating this data, but it also includes the processes by which stakeholders learn and negotiate based on evaluation findings. There is a growing consensus in the literature that the M&E needed to fulfil this need should be derived from an agreed vision of the large-scale development goals to which the project intends to contribute, and the outcomes the project can help achieve. Outcomes are desired changes that argues that donors should make recipients accountable for demonstrating that they are progressing towards impact and improving effectiveness, not for developmental impact itself, which in any case nearly always occurs well after a project has finished. Hence, in Outcome
Mapping there is a change in emphasis in evaluation on helping to improve, rather than prove, on helping to understand rather than to report, and on creating knowledge rather than taking credit.
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In this shift to accountability for learning, impact assessment ceases to be an attempt to attribute and quantify based on often inappropriate economic models, and becomes more like making a legal case, built on evidence from many sources. Douthwaite et al. (2003a) make a similar argument, which, interestingly draws on the experience of GTZ in Germany, who, like IDRC in Canada, is a project implementer. Douthwaite et al. (2003a) argue that plausible ex-post impact assessment needs to describe the innovation processes that took place and therefore good M&E information is a pre-requisite.
-2--Ex-post impact assessment
Based on the arguments in the last section it is believed that the emphasis for ex-post impact assessment should be placed on: a. the processes of knowledge generation and diffusion; b. the creation of organizational capabilities, i.e. the collective ability to develop appropriate solutions to identified problems; and c. the emergence and evolution of innovation networks (Guba and Lincoln, 1989). However, donors will still need to demonstrate to their own constituencies that money spent has contributed to development. It is argued that ex-post impact assessment for INRM needs to be different from conventional impact assessment of agricultural research, that is largely based on the use of inappropriate economic models (Hall et al., 2002 quickly communicating that micro-credit is the greatest impact on social capital, followed by natural capital, and rather less on financial, physical and human capital. Clearly, an assessment approach that looked only at the effect of micro credit on financial capital, which on the face of it would appear reasonable, would miss a large part of the impact.
Boru: Could you also comment on the pros and cons about the Campbell et al. (2001) by the interaction of trends and random events, subject to the initial conditions. Processes evolve through a succession of many small variations interrupted by rare catastrophic mutations. The mutations can be triggered by small changes in any variable and then spread through the system.
Even though it is possible to model the probability distribution of the changes, it is impossible to predict whether the next change will be small or catastrophic. Even though limited predictability of major trends is possible, random events may derail these predictions. Additional information can reduce, but not eliminate, the uncertainty which increases with the time horizon considered (Dixit and Pindyck, 1994).
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However, irrespective of the accuracy of predictions made, simulation modelling is an important learning tool (Twomlow et al., 2003) . It provides a suitable framework by which to understand the consequences of changes in the components of a system in both the long and short terms, on a range of scales. Moreover, simulation modelling can be applied in a participatory mode by using it to generate a number of likely scenarios that can provide useful discussion points between researchers and farmers. Simulation modelling can also provide an effective and efficient framework for extrapolating research findings and the understanding of system processes to other sites and management conditions (Foti et al., 2002 ).
-2--Ex-ante impact assessment and priority setting
One of the main reasons for carrying out ex-ante impact assessment has been to guide priority setting. The IS's recognition of the indeterminate and complex nature of innovation suggests that ex-ante impact assessment can only recognize technological trends once they have emerged (Rycroft and Kash, 1999) . While most of the returns to research will come from research on existing technological trends, these returns will eventually fall unless new trends emerge. Exante impact assessment can only give some estimates for simple projects along established research and market lines. But even in these cases, the intrinsically random nature of the process means that ex-ante projections of impact will probably be wrong and should only be used for priority setting with caution. Greater emphasis should be given to two complementary approaches. Firstly, researchers must be allowed to spend some of their time exploring new areas and ideas beyond those prescribed by ex-ante impact assessment. Knowledge-management literature suggests this should be as much as 20% (von Kreog et al., 2000) . Secondly, a research institution can build a consensus with its major stakeholders on strategic areas where its Ziglio, 1996) . Scenario building is often used in industry by companies like Shell to develop a number of possible situations and then work back from those futures to establish how credible they are, and how the organization would respond or change if they came true (van der Heijden, 1996) .
Even though particular outcomes cannot be predicted with certainty, it is possible to identify factors that will, with high probability, affect the chances of success or failure. Among these factors, probably the three most important are: (1) et al., 2000) . Close collaboration brings together the capabilities of the individual agents and helps to fuse them into collective capabilities. In this way, the network can undertake more complex and extensive activities.
Once research projects have begun, the M&E described above can help to modify priorities and identify new areas of research. Early identification of farmer adoption/non-adoption and modification allows the research process to be adapted and allows new priority areas for research to be set. For example, M&E carried out by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in Malawi and Zimbabwe found that limited access to inorganic fertilizers and improved legume seeds meant that there was little adoption/adaptation of soil fertility management interventions (Dimes et al., 2002; Twomlow et al., 2002) . This helped to focus research onto short-term solutions that carry little risk or require only limited investment, and those that require enabling environments to be developed, thus encouraging households to make a major change in the way they allocate the resources they are willing to invest. 
Conclusions
In this chapter it has been shown that INRM is the result of an evolution of learning from experience that began with FSR in the early 1970s. INRM is an approach to research and development that builds the capacity of farmers and other natural resource managers to manage change in sustainable ways. The evolution of thinking in INRM has mirrored similar advances in the understanding of research, development and innovation processes, one of which is the ISs framework from the fields of evolutionary and institutional economics. Both INRM and the ISs view acknowledge that rural innovation is an inherently indeterminate and complex process, involving the interactions and co-learning of a network of actors, of which farmers and researchers are just two. The ISs view has some important implications for the evaluation for INRM. The focus of evaluation needs to shift from being about accountability and public awareness to supporting learning and adaptive management of all the stakeholders involved in a project. Specifically, more emphasis should be placed in the use of evaluation to improve, rather than prove, on helping to understand rather than to report, and on creating knowledge rather than taking credit. In this shift towards accountability for learning, ex-post impact assessment ceases to be an attempt to quantify an intervention's impact based on inappropriate economic models.
Instead it becomes a rational argument, built like a legal case using evidence from many sources In this chapter it is argued that a key source of this evidence is the monitoring and evaluation carried out within the project cycle, which also provides the real-time information necessary to facilitate the adaptive management of all stakeholders necessary for successful INRM. To be most effective M&E should be based on a shared view amongst the stakeholders of the outcomes they expect the project to contribute, and how these outcomes contribute to larger-scale developmental impact. This shared view should be recorded as an 'outcome map' or 'impact pathway' that then helps frame the M&E, and the selection of criteria and indicators. Good M&E will identify and describe incipient processes of knowledge-generation and diffusion, the emergence and evolution of innovation networks, and the creation of organizational capabilities.
The job of the impact assessor at some time in the future is to convincingly show how these incipient processes and capabilities grew and contributed to wider-scale development changes that occurred in the project area. In this chapter a number of methods of measuring, describing and understanding these development changes including the SLF, simulation modelling and various approaches of combining indicators to give an integrative picture have been reviewed. 
